The data acquisition devices are under development by the Systems and Process Engineering
Company (SPEC). An expandable and programmable set of chips will meet a large variety of instrumentation needs. Several of the application-specific integrated circuits (ASK) being developed by SPEC include: (1) a four-channel pulse code modulation (PCM), (2) an input signal conditioner (ISC), (3) a delay/repeater for in-bore measurements, and (4) a digitally implemented six-channel frequency division multiplexer [9-l 11. The PCM ASIC is expandable to 64 channels with a maximum throughput of 10 Mb/s, which is the maximum bandwidth of the M/A-COM transmitter. PCM and ISC devices will be delivered to ARL in the near future for testing. Other products and technologies have been flight tested and will be reviewed in section 2. accelerations of nearly 20% of the axial value. All direct-fire ammunition uses a tracer to aid the gunner in tracking the round. On a KE projectile, the tracer is located at the rear of the fin hub.
Summary of HSTSS Flight Test Experiences
The original HSTSS concept was to replace the standard tracer element of a KE projectile with a complete telemetry system In fact, many of the most difficult specifications for the telemetry and data acquisition chips are driven by this requirement. Locating a telemetry system in a tracer cavity provides an even higher challenge since the rear face of the plug (to include a telemetry antenna and environmental cover) would be directly subjected to the propellant pressure and temperature.
This is exactly what has been accomplished, however. A recent set of flight tests has taken important initial steps for multichip module (MCM) packaging techniques [3] . Clearly, the key to survival in high shock environments is to reduce mass. Packaged ASIC's may simply have a mass and/or surface area that is too large to (even given ample mechanical support) survive large shocks. Designs must also consider reverse loading once shot exit has occurred. The difficulty with most MCM techniques is that large development costs and times can only be amortized when very high numbers of devices are produced. But this seems unrealistic for the munitions industry. HSTSS engineers identified an MCM substrate technology that is commercially available and programmable via a laser system
The design and first prototype turn-around times are only a few weeks rather than several months.
A three-channel sample and hold circuit was designed and implemented onto such a substrate and successfully fired fkom a modified 120~mm M831 HEAT training round. In-bore data repeated in free flight are shown in Figure 6 , where a tri-axial accelerometer was recorded at 200-K samples/s, and subsequent to launch, retransmitted at a slower rate. The "repeated" data were ensemble averaged, providing high quality data at the muzzle exit. Such a diagnostic system would be beneficial in understanding the launch cycle of an armature/projectile system.
In addition, as an interim and alternative solution to the HSTSS data acquisition devices, a COTS die level, field programmable gate array (FPGA) was used as an encoder data from an ADXLlSO accelerometer. Both of these projectiles were launched in excess of 30,000 g.
I 1 Raw Axial Acceleration Data
Averaged Data Axial Acceleration Figure 6 . In-Bore Axial Acceleration Data Delayed and Repeated During Free Flight (Acceleration Data Shown in kG).
In-Bore and Magnetic Field Environment
A potential concern with using HSTSS products on an electromagnetic (EM) projectile are the in-bore electric and magnetic (EM) fields. The effect of the EM fields depends on whether projectile electronics and sensors are powered or unpowered during the launch cycle. Using HSTSS components for diagnostic measurements during the in-bore cycle is quite different from using a down range measurement system or a guidance, navigation, and control (GNC) system for a tactical projectile. Conformal telemetry and GPS antennae must also be considered.
The HSTSS program has not made railgun-related field measurements, but these types of should only be tested [20] . If high density MCM packaging is used, then those packaging techniques must also be qualified.
Summary and Conclusions
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